The Cygnus Dual Beam Radiographic Facility consists of two identical radiographic sources each with a dose rating of 4-rad at 1 m, and a 1-mm diameter spot size. The development of the rod pinch diode was responsible for the ability to meet these criteria¹. The rod pinch diode in a Cygnus machine uses a 0.75-mm diameter, tapered tip, tungsten anode rod extended through a 9-mm diameter, aluminum cathode aperture. When properly configured, the electron beam born off the aperture edge can selfinsulate and pinch onto the tip of the rod creating an intense, small x-ray source. The Cygnus sources are utilized as the primary diagnostic on Subcritical Experiments that are single-shot, high-value events. In such an application, there is a necessity for reliability and reproducibility, as well as a precise measurement of these qualities. On Cygnus, the primary diagnostic for reliability and reproducibility is dosimetry. Thermoluinescent² dosimeters (TLDs) are used for timeintegrated dose, and PIN diodes are used for timeresolved dose. Precision dosimetry calibration methods and results will be presented. Cygnus reliability and reproducibility using TLD dosimetry measurements will be given.
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I. GENERAL SYSTEM DESCRIPTION
The machines are installed in an underground laboratory and as such were designed with the footprint shown in Figure 1 . Other requirements were two machines that could be fired independently with x-ray beams intersecting at 60 degrees. 
II. CALIBRATION
Consistency of dose measurements is the most important metric of Source performance [2] . TLD accuracy was measured by placing three adjacent TLD's at each measurement point. System accuracy averages ~2.5%, an improvement over the manufactures tolerance value of 15% for standard TLD's and 5% for high precision TLD's.
The TLD's were individually calibrated by exposure to a Cesium 137 source (National Institute of Standards and Technology traceable). Normally 100 chips are exposed in a batch. As an example of calibration procedure, for the latest calibration (December of 2016) the exposure time was 177.1 minutes for 20 Rads and 607.3 minutes for 70 Rads. A unique calibration factor is calculated and tracked for each chip.
A sample of the calibration data for seven batches of 100 LiF chips is shown in Table 1 . The number after the Batch letter indicates calibration cycle (i.e. D7 is the seventh calibration of Batch D). Batch exposures were 2, 20, or 70 Rads. Variations in calibration factors were minimal in batches calibrated to the same dose. The lowest batch standard deviation measured for the chips used in this work was 2.29%, and the highest was 2.74%. TLD's are replaced in batches when the deviation reaches ~5%. A history of the calibration data for batches of 100 LiF chips is shown in Table 2 . Batches K and L were purchased after the manufacture terminated hand sorting of TLD batches for tighter tolerances. They did make an effort to match the last batch manufactured by reviewing the lot number of our previous batch. Spare TLD's were calibrated for hand sorting previously completed by the manufacturer.
Replacing a single chip in batch K lowered the standard deviation from 2.77 to 2.52%. 
III. LONG TERM LiF MEASUREMENTS
A. Hardware A standard fielding block was used for single point dose measurements. This hardware consisted of three side-byside LiF TLD's shielded by one inch of aluminum on all sides (Fig. 2) . The one-inch aluminum shielding is defined as a standard for the class of radiography tests executed in our facility. 
B. LiF TLD to Pin Diode Comparison
LiF TLD's were compared to Pin Diodes in a standard location and through Tungsten to look at the harder spectrum of the sources. Review of the data has shown no direct correlation. The TLD's and Pin Diodes were not in consistent agreement at either location. The measurement variability for a sample data set is shown for Source 1 in Table 2 and Source 2 in Table 3 . Shots that are within ± 0.1 rads are highlighted in yellow.
New measurements are taking place with tungsten collimated pins at this time. Future work will evaluate if the addition of collimation improves pin diode performance. 
C. Cygnus Reliability and Reproducibility
The primary measurement of Cygnus Reliability and Reproducibility has been LiF TLD's since 2009. The Pin Diodes are used for fast estimates of dose, though variation precludes them from being the primary diagnostic. When combined with Marx voltage waveforms and diode plate current, the LiF TLD's give an accurate representation of Cygnus performance.
D. Eurydice
Each experimental series is tracked for monitoring series performance. LiF TLD measurements are shown in Figure 3 for Cygnus 1 and Figure 4 for Cygnus 2. 
E. Orpheus
An earlier experimental series is also reviewed to show that not all experimental series have the exceptional performance shown during Eurydice. LiF TLD measurements are shown in Figure 5 for Cygnus 1 and Figure 6 for Cygnus 2. 
V. SUMMARY
Shot-to-shot reproducibility of x-ray parameters is an important demonstration that source quality is consistent and that good radiography performance will likely be delivered.
The reproducibility of the LiF TLD measurements has ensured they stay our main diagnostic, along with Marx Voltage and Diode Current diagnostics. The pin diodes are a quick look after the shots, but reproducibility has relegated them to a secondary diagnostic as seen in the presented data.
The correlation between precision calibration methods and reliability and reproducibility has proven to be an accurate metric for measuring Cygnus performance with a tighter tolerance than the previous facility on-axis TLD's. The Lithium Fluoride TLD's were an effective means to measure dose performance of the Cygnus diode.
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